A number of physiological factors have been suggested to participate in the Herpes Simplex Virus Type-1 (HSV-1) reactivation. Of particular interest is the effect of hormonal aberration on gene expression and activation. Thyroid hormone (TH) was shown to play a role in HSV-1 gene expression and replication in cell culture and animal models. We hypothesize that TH participates in the control of HSV latency and reactivation in humans by regulating viral gene expression and replication. Prior to implementing a full-scale population-based inquiry into this hypothesis, a pilot study using a pharmacy claims data base and a case-controlled, retrospective cohort preliminary investigation was conducted to develop further the hypothetical link between TH and HSV-1 reactivation. Using prescriptions for treating thyroid disorders and HSV-1 infections as proxies for biologic functions, we queried a prescription data base to construct two patient cohorts: Cohort 1 was comprised of patients receiving prescription drugs for thyroid disorders over a three-month period, and Cohort 2 was composed of patients not receiving thyroid medications during this period. HSV-1 medications were recorded for each cohort and the difference in the frequency of HSV-1 prescription drug utilization was examined for statistical significance. Using a 2 × 2 contingency table, a chi-square of 10.12 was calculated that was significant at p = 0.0015, confirming that a significant difference was found in HSV-1 utilization between these two cohorts, suggesting that patients who receive thyroid drugs have a greater chance of receiving antiviral drugs for HSV-1 infection/reactivation. Since this pilot study has inherent limitations in the data set, this finding is descriptive, not explanatory, and further research involving more detailed patient records in a larger patient population will be implemented to explore the relationship more robustly.
INTRODUCTION
Thyroid hormone (TH or T 3 ) is known to be important for normal functioning of numerous essential physiological processes and organs. Mechanistically, TH exerts its effects through its nuclear receptor (TR) which binds to the thyroid hormone response element (TRE) located within the genes' regulatory sequence [1] . TR, a transcriptional factor, controls gene expression and the net outcome is determined by TH level [2] . Endocrine dysfunctions have been shown to cause viral infection [3] . Recent studies suggested that TH and TRs played roles on HSV-1 gene silencing/activation and DNA replication and may have implication during latency/reactivation [4, 5] .
HSV-1 is one of the most widespread infections in humans [6] . Seroprevalence rates in the United States suggest that the virus is present in 57.7% of the population [7] . After the primary acute attack, the virus may establish latency in the sensory neurons of trigeminal ganglia and the reactivation may occur momentarily at the mucosa, lips, eyes, or perioral area of the face causing fever blisters [8] . HSV-1 is responsible for approximately 10% of viral encephalitis and majority of cases results from reactivation [9] . Other major clinical symptoms include cornea infection (herpes keratitis) [10] genital HSV in-fection [11] and HSV-2, or genital herpes. The molecular/cellular modes of action leading to HSV reactivation are unclear [12] .
Case reports indicated that HSV may reactivate following episodes of stress, injury to tissues innervated by neurons harboring the latent virus or other local or systemic stimuli thus it is of interest that many factors triggered HSV-1 reactivation reduced TH levels as well [3] . Based on these in vivo and in vitro studies, it is hypothesized that TH status is associated in determining HSV-1 latency and reactivation. In effect, hypothyroidism relieves TR-mediated inhibition and induced viral gene expression and replication. Nonetheless, there is no controlled clinical evidence in human subjects supporting this hypothesis. The lack of a priori empiric evidence in humans between thyroid hormone abnormalities and the subsequent activation of HSV represents a challenge to justifying an extension of the hypothesis beyond those from the in vitro and in vivo results.
MATERIALS AND METHODS
In order to corroborate the working hypothesis from pre-clinical evidence to that which might be found in human subjects, a case-control, retrospective pilot study using a prescription drug claims data base was conducted. In essence, this type of quasi-experimental research design was chosen as an initial step in the further development of the hypothesis that abnormal thyroid function is related to activation of the HSV. In particular, this design permits an initial exploration of the odds that utilization of thyroid medications is associated with HSV reactivation as measured by antiviral drug utilization.
Three-month prescription utilization of thyroid medications and antiviral drugs were obtained from a regional chain pharmacy's 2012 claims data base of 8474 prescriptions. Of the estimated 2690 patients receiving prescriptions, the following drug specific utilization data were found: 1) total number of prescriptions for all medications dispensed (8474); 2) number of patients without prescriptions for antivirals {acyclovir, famciclovir, penciclovir, valacyclovir, and gancicovir}and thyroid medications {Levothyroxine and thyroid desiccated} (2109); 3) number of patients with prescriptions for thyroid medications (469); 4) number of patients with prescriptions for thyroid medications and no (0) antiviral medications (461); 5) number of patients with prescriptions for antiviral medications (120); 6) number of patients receiving antiviral medications with no prescriptions (0) for thyroid medications (112); and 7) number of patients receiving thyroid medications AND antiviral medications [8] .
From these data, two cohorts were constructed ( period. Prescriptions for antiviral medications were recorded for each cohort over the same period. It was assumed that Cohort 1 was comprised of patients with a thyroid disorder, whereas Cohort 2 was comprised of patient with normal thyroid function. If a thyroid disorder reactivates HSV-1, then a significant difference in the utilization of antiviral drugs should be evident between the two cohorts. For the calculated chi-square, acceptance of the null hypothesis would suggest that there is no difference between antiviral drug utilization between the two cohorts, and consequently, that thyroid disorders are not associated with activation of HSV. Conversely, a significant p-value would suggest a correlation between thyroid disorders and HSV activation, as defined by the proxy measure of drug utilization.
RESULTS
A 2 × 2 contingency table ( Table 1 ) was set up for statistical analyses to investigate the relationship between TH level and HSV-1 reactivation. The results showed that we obtained a chi-square of 10.12 and p value of 0.001467.
As noted, the calculated chi-square of 10.12 is statistically significant at p value of 0.0015. This suggests that patients who receive thyroid drugs have an increased likelihood of receiving antiviral drugs for HSV-1 reactivation. A significant Odds Ratio was observed indicating a greater than three-fold increase in the likelihood of receiving an antiviral drug in the abnormal thyroid cohort. 
DISCUSSION

Clinical Relevance: Abnormality of TH Level and HSV-1 Reactivation
There are reasons to hypothesize that the status of TH can influence HSV-1 reactivation and latency. First, it has been reported that TH interacted with its nuclear receptor TRs exert regulatory function on key HSV-1 genes [4, 5] . Second, TH and TR are present in ganglia neurons [13, 14] and can influence the survival, differentiation, maturation of neurons [15] thus affecting the HSV-1 latency status. Third, TH is vital in controlling axonal transport which is critical for HSV-1 movement during reactivation since TH and nerve growth factor (NGF) enhanced neurite outgrowth and regulate the expression of dynein, a key protein that is involved in axonal transport, in ganglia neurons [16] . Fourth, it is known that TH participated in the modulation of innate and adaptive immune responses such as chemotaxis, phagocytosis, production of reactive oxygen species, and synthesis and release of cytokines [17, 18] . TH can promote human B cell differentiation [19] , NK cell activity [20, 21] , and the sensitivity of lymphocytes to interferons (IFNs) and interferon-mediated cytotoxic activity of NK cells [22] [23] [24] . In summary, the modulation of immune system by TH may significantly affect the viral reactivation.
A number of episodes that decrease TH levels appear to initiate HSV-1 reactivation as well [3] . For example, alteration of corticosteroid has been linked to HSV-1 reactivation [25, 26] and a case study showed that a patient with myxedema coma under corticosteroid treatment developed herpes simplex encephalitis with extremely low thyroxine level less than 5.2 nmol/L (normal range 12 -30 nmol/L) [27] . However, there is no direct, controlled clinical or epidemiological study regarding the effect of TH on HSV-1 reactivation.
Before employing a large-scale population-based examination into this hypothesis, we performed this pilot study using a pharmacy claims data base and a casecontrolled, retrospective cohort survey to examine this hypothetical connection between TH and HSV-1 reactivation. Prescriptions for treatment of thyroid disorders and HSV-1 infections were cross-examined as proxies for their correspondent biologic functions.
Limitations
The relationship described by this analysis relies on a proxy variable, drug utilization, and in the absence of laboratory values, the findings should be interpreted with the following limitations of both the data and quasi-research design: ses of relevant variables to provide assurances of equivalency at base line. The data set did not contain standard categorical variables such as patient age, gender and ethnicity, which are commonly examined at the time cohorts are created. There is an absence of information about base line equivalency that cannot be resolved in the pilot study.
2) There is no assurance of temporal ordering; i.e., the thyroid prescription was dispensed prior to the antiviral drug's dispensing. This is a critical assumption to the hypothesis that a thyroid disorder activates HSV-1.
3) Diagnostic information in pharmacy claims data bases are not available. There is no assurance that the medications were related to thyroid disorders and HSV, respectively. In addition, anti-viral drugs are not specific to HSV-1 since they were prescribed to all alphaherpesviruses including HSV-1, HSV-2, and varicella zoster virus (VZV).
There is a conservative bias in this data set; however, that would tend to underestimate the correlation between thyroid function and HSV activation. First, HSV-1 is a medical condition for which patient self-medication with Over-The-Counter (OTC) medications is a treatment option. For this data set, it could be assumed that only those HSV-1 cases that are sufficiently severe for the patient to take a prescription antiviral are represented. This observation would suggest that the incidence rate of HSV-1activation is under-reported, which, in turn, probably understates the strength of the correlation between thyroid function and HSV activation. It is also likely that the estimated number of patients receiving prescription drugs is over estimated. The data set does not distinguish between new prescriptions and refilled prescriptions at the patient's level. Thusly, any patient who received a new prescription at the beginning of the three-month cycle is likely to have had two refills of the initial prescription for each of the two consecutive months. It is not possible to make an adjustment in the formula to estimate total number of patients, the net effect of which is an over estimation.
Conclusion
Our investigation suggested that thyroid hormone status may have implication to affect HSV-1 latency and reactivation. If the link between TH and HSV-1 reactivation holds up upon further basic science and populationbased research, TH levels can become a standard biomarker for both new and recurrent HSV-1 cases. As such, patients can be advised of their relative risk of HSV-1 occurrence and medically treated as necessary. The results of the pilot study add corroboration to the hypothetical link between abnormal thyroid function and reactivation of the HSV-1 in humans. Accordingly, further population-based research is underway to quantify more precisely the nature of the relationship.
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